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(57) ABSTRACT 

A recording medium has a circular substrate, grooves 
formed on the substrate, a land formed between the grooves, 
a plurality of land prepits formed between the grooves. The 
groove and the land prepit are formed so as to satisfy a 
following formula, 



Gw/(k/NA) £0.2093 {LpIWNA)} 2 -0AM2Lp/(kJNA)+Q.332-(- 
2.64Gd+0.1276) 

where Gw is the width of the groove, Lp is the length of the 
land prepit in a radial direction of the substrate, X is the wave 
length of light used in a system for recording information on 
the recording medium, and NA is the numerical aperture of 
an objective in the system. 
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FIG.3 a 



0 







































JLP- 
















































































s 


RF 

j 









































































































t TIME 



FIG.3 b 
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FIG.3 c 
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FIG.4 a 




FIG.4 b 
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FIG.7 
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FIG.9 

LPP length vs Groove width (Gd=20nm) 
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LPP length vs Groove width (Gd=25nm) 
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FIG. 11 

LPP length vs Groove width (Gd=30nm) 
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FIG. 12 

LPP length vs Groove width (Gd=35nm) 
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FIG. 13 
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RECORDING MEDIUM AND A RECORDING formed on the substrate, a land formed between the grooves, 

SYSTEM FOR THE RECORDING MEDIUM a plurality of land prepits formed between the grooves, 

wherein a wavelength of light for recording information on 

BACKGROUND OF THE INVENTION the medium and a numerical aperture of an objective of the 

The present invention relates to a recording medium and 5 s y stem are provided so as to satisfy following formulae, 
a recording and reproducing system for the recording 

medmm - Gh>/(X/M) ^0.2093 {Lpl{ X/AM)} 2 -0.4342Ip/( X/M4)+0.332-(- 

Heretofore, there is known the DVD (digital versatile 2.64G</+0.1276) 

sssrss^ - dvd - rw » »%% s * 

As shown in the Japanese Patent Laid-Open Publication 

No. 9-17029, the DVD-R or DVD-RW (hereinafter called where Gw is the width of the groove, Lp is the length of the 

DVD) has a spiral or co-axial groove for recording land P re P il in a radial direction of the substrate, Gd is the 

information, a land between the grooves and a plurality of 15 depth of the groove. 

land prepits formed between the grooves Tie land prepit is BRIEF DESCRIPTION OF DRAWINGS 
provided with various sets of information such as the 

address. FIG. la is a perspective view of an optical DVD for 

In such a disc, it is possible to read the information explaining the present invention; 

recorded on the groove and the information recorded on the 20 FIG. lb is a sectional view of the disc of FIG. la; 

land prepit at the same time. FIG. la is an enlarged plan view showing a part of the 

However, there is a problem that signals reproduced from disc; 

the information recorded on land prepits affect the RF signal pjc. 2b is a block diagram of a reproducing system; 

reproduced from the information recorded on the groove as ^ nGS 3fl thf0Ugh 3c afe grapfas showmg waveforms of a 

0 e ' land prepit detection signal and an RF signal; 

SUMMARY OF THE INVENTION FIGS. 4a through 4c are graphs showing waveforms of a 

_ , ... , , , land prepit detection signal and an RF signal detected from 

An object of the present invention is to provide a record- recor ded mediums; and 

ing medium wherein information recorded on the groove _ . . . _ , 

and the land prepit can be accurately read out and a system 30 F * GS ' 5 ' hro ^ * a « graphs for determining optimum 

capable of recording and reproducing with accuracy. conditions for the land prepit are the groove of the medium. 

According to the present invention, there is provided a DETAILED DESCRIPTION OF THE 

recording medium having a circular substrate, grooves PREFERRED EMBODIMENT 

formed on the substrate, a land formed between the grooves, „ „ - _ T ^ 0 ^ . . 

a plurality of land prepits formed between the grooves, 35 , Refem "8 t0 F f S \ a a " d ? haS V ranS P a 

wherein the groove and the land prepit are formed so as to f.f c sub f ate * made of polycaibonato On the substrate 

n f^n" , • f „i 4, there is formed grooves 1 arranged in the circumferential 

satisfy a following formula, ' . _ _ . % - f 

direction DC, lands 2 between the grooves 1, and land 

prepits 3 on the land 2 formed at predetermined intervals. 

GW(WA)=0.2093 {l^/(WA)} 2 -0.4342lMV^4)+0.332 40 Information such as video data or audio data is recorded 

u r> ■ ,u j.u f iL t ■ » i_ i r.u in the groove, and information such as address is recorded 

where Gw is the width of the groove, Lp is the length of the m the re it 

land prepit in a radial direction of the substrate, Gd is the . 

depth of the groove, \ is the wave length of light used in a 0n the underside of ^ substrate 4, there is formed a 

system for recording information on the recording medium, 45 recordia 8 \^ 5 °f organic coloring matter or inorganic 

and NA is the numerical aperture of an objective in the meta !' a reflecllon laver 6 a " d a proteclmg layer 7. Hie laser 

system S^t is apphed to the groove passing through an objective 8. 

The present invention further provides a recording In accordance with the present invention, the width Gw of 

medium having a circular substrate, grooves formed on the me groove 1, the length Lp of the land prepit in the 

substrate, a land formed between the grooves, a plurality of 50 circumferential direction, and the depth Gd of the groove are 

land prepits formed between the grooves, wherein the determined to particular values as described hereinafter, 

groove and the land prepit arc formed so as to satisfy Referring to FIG. 1 showing a part of the DVD and FIG. 

following formulae; 2b showing a reproducing system for the DVD, a light spot 

SP has a diameter larger than the width Gw of the groove 1 
„ and disposed so that the center of the spot coincides with the 

G 1X^ 3 {W^ 2 - 043 W^)+o.332-(- cemer Une of , he e L Thus, information recorded on 

the land prepit 3 can also be read as shown in FIG. 2a. 

Gw/(WA) ^0.2093 {Lp/(HNA)} 2 -0A342L P /(KtNA}+0.332+(- The reproducing system has a photodetector 9 comprising 

4.48f?rf+o.2H2) £ our e ] ements oq anc j 9j) f or receiving the light 

where Gw is the width of the groove, Lp is the length of the 60 reflected from the disc, and adding and subtracting circuits 

land prepit in a radial direction of the substrate, Gd is the 10 and 11 and an adder 12. The spot of the reflected light is 

depth of the groove, X is the wave length of light used in a positioned such that the center of the spot coincides with the 

system for recording information on the recording medium, center of the photodetector 9. 

and NA is the numerical aperture of an objective in the Here, the areas A and D in FIG. 2a read the information 

system. 65 on the groove 1, and areas B and C read information on the 

The present invention still further provides a system of groove 1 and land prepit 3. The photodetector 9 produces 

recording a medium having a circular substrate, grooves signals A, B, C and D corresponding to the areas A-D. 



ottsci-(SRF(AC)/SRF) (3) 
LPP \cvc\-(SLPtSRF) (4) 
LPP levcl/offsct-(SiP/5«f (AC)) (5) 
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The adding and subtracting circuit 10 produces a land 
prepit signal SLp=(A+D)-(B+C), the adding and subtracting 
circuit 11 produces a tracking error signal STE=(A+D)-(B+ 

C), and the adder 12 produces an RF signal SRF=A+B+C+ lpp \wc\-(SLPISRF) (4) 

D. 5 

FIGS. 3a, 3/>, 3c show results of reproduction experi- 
ments of the DVD-RW, where amplitude change of the land In FIGS. 5-8, the groove depth Gd is changed between 20 
prepit signal SLp and the RF signal SRF under the condition //m-35 /mi by 5 pm. In FIG. 5, Lp/(K/NA)=0.128, Lp/(X/ 
that the wavelength \ of the spot SP and the numerical NA)=0.2515 in FIG. 6, 0.3815 in FIG. 7, 0.505 in FIG. 8. 
aperture NA are constant. 10 It is confirmed that the optimum design in the condition 

In the experiment of FIG. 3a, the prepit length Lp is 0.3 wnen lhc valuc of LPP level/offset indicating the detecting 

fim and the groove width Gw is 0.25 /mi, in FIG. 3b the accuracy of the land prepit detection signal SLp and RF 

prepit length Lp is 0.3 /ira, the groove width Gw is 0.3 /<m, signal SRF is about 10, namely LPP level/offset~10. 

and in FIG. 3c Lp«0.3 fim, Gw«0.4 /an. FIGS. 9-12 show the relationship between Lp/(X/NA) and 

From the graphs, it will be understood that the voltage 15 Q ^^^.^f^^. oi ! he ^° Ve 'If* 1 

amplitudes of the signals SLp and SRF at the irradiation time ?* lm L e Gw ° in ^ * f 1™ obtained by plotting 

t change with the prepit length Lp and the groove width Gw. f oinls where the value of LPP level/offset in FIGS. 5-8 

_ JL . / A . r • r , becomes maximum, and the line G+ and line G- are lines 

^??> J a ' V n u H Sh ° W rCSUlUi ° f e *?™ te of lhe obtained by plotting points where LPP level/offset becomes 

DVD-RW in which information is recorded m the groove. 20 ^ 1Q ^ ^ ^ G+ fa ^ ^ ^ Lpp level/off 

The conditions are the same as those of FIGS. 3a-3c. ^ becQmes 1Q [n ^ rfght $ide of FIQS ^ the , me G _ 

From the graphs, it will be understood that the voltage ^ me case where LPP level/offset becomes 10 in the left side 

amplitudes of the signals SLp and SRF at the irradiation time 0 f FIGS. 5-8. 

change with the prepit length Lp and the groove width Gw. Therefore, it is understood that the ranges Gw+ and Gw- 
In accordance with the present invention, the groove 25 between the lines G+ and G- is the optimum design con- 
width Gw, the prepit length Lp and the groove depth Gp arc ditions. The line Gwo docs not largely change, it can be 
determined to optimum values as follows. expressed by the following formula (6). 
The groove width Gw, prepit length Lp, groove depth Gd, 

numerical apertureNA and wavelength X are determined so Gw /(VJSM)-0.2093 {L P f{WA)?-QA342LpWNA)*.332 (6) 

that the ratio Gw/(VNA) of the groove width Gw to spot 30 

diameter >VNA is set to satisfy both of following formulae The formula (6) shows the most optimum condition. 'ITie 

(1) and (2). The ratio UNA of the wavelength X to the lines G+ and G- is approximately equal to lines formed by 

numerical aperture NA indicates a diameter d of spot SP. parallely moving the line Gwo. 

FIG. 13 shows the relationship between the groove depth 

35 Gd and Gw+/(X/NA) and the relationship between the 

< *rZS£& ^ m ^- 0M ' 2L P"-^ +0 - 3n ^- groove depth Gd and Gw-/(X/NA) in which the parallel 

+ ' moving quantities are set to the ranges Gw+ and Gw-. The 

Gw/(K/na) so.2093 {Lp/(k/NA)}' 2 -QA342Lp/(hlNA)+0.332+(- range between the lines Gw+ and Gw- is the optimum 

4.4SG</+o.2m) (2) design condition. The lines Gw+ and Gw- in FIG. 13 are 

. . - , ^, ^ t , . , . 40 expressed by following formulae (7) and (8) 
An optimum design of the DVD can be obtained by 

satisfying the above conditions. Namely, it is possible to 

detect the RF signal SRE and prepit signal SLp with high Gw/(X/AM)— 4.48Grf+0.2H2 (7) 
accuracy, even if the spot irradiates the groove and prepit. 

The formulae (1) and (2) are verified with reference to 45 

FIGS. 5 through 13. The above described formulae (1) and (2) are obtained by 

FIGS. 5-8 show results of experiments wherein detection obtaining the range between the lines Gw+ and Gw-. 

accuracy of the land prepit signal SRF changes with the In accordance with the present invention, the groove 

groove width Gw, prepit length Lp, groove depth Gd, width, groove depth and the prepit length are set to values 

wavelength \ and numerical aperture NA. 50 based on optimum conditions for preventing the land prepit 

In the graph, the abscissa is the ratio Gw/(X/NA) of from affecting the detected RF signal. And, in accordance 

diameter VNA to the groove width Gw, and the ordinate is with the present invention, the wavelength of laser light and 

the ratio LPP level/offset of the voltage amplitude of the land the numeral aperture are set to values based on optimum 

prepit signal SLp (LPP level) to the offset level (off set) of conditions, also. Therefore, it is possible to detect informa- 

the RF signal SRF. In addition, the groove depth Gd and the 55 tion recorded on the groove and the land prepit with accu- 

prepit length Lp are changed. racy. 

The offset level (offset) is a parameter obtained by stan- While the invention has been described in conjunction 

dardizing the alternating current component of the RF signal with preferred specific embodiment thereof, it will be under- 

SRF of FIGS. 3a-3c with the direct current component of stood that this description is intended to illustrate and not 

the signal SRF, and the voltage amplitude (LPP level) is a 60 limit the scope of the invention, which is defined by the 

parameter obtained by standardizing the land prepit signal following claims. 

SLp with the direct current component of the RF signal SRF. What is claimed is: 

If the alternating current of the RF signal SRF is 1. A recording medium having a circular substrate, 

expressed by SRF (AC), the offset level (offset) is expressed grooves formed on the substrate, a land formed between the 

by the following formula (3), voltage amplitude (LPP level) 65 grooves, a plurality of land prepits formed between the 

is expressed by the formula (4), and the ratio (LPP level/ grooves, wherein the groove and the land prepit are formed 

offset) is expressed by the formula (5). so as to satisfy a following formula, 



Gwt&my— 2,64Gd+0.1276 (8) 
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GHtf(X/M4)«0.2093 {Lp/(\JNA)} 2 -QA342Lpf(k/NA)+0.332 

where Gw is the width of the groove, Lp is the length of the 
land prepit in a radial direction of the substrate, X is the wave 
length of light used in a system for recording information on 
the recording medium, and NA is the numerical aperture of 
an objective in the system. 

2. A recording medium having a circular substrate, 
grooves formed on the substrate, a land formed between the 
grooves, a plurality of land prepits formed between the 
grooves, wherein the groove and the land prepit are formed 
so as to satisfy following formulae, 

Cw/(X/AM)10.2093 {Lp/(WA)} 2 -0A342Lpf(k/NA)+O.332-(- 
2.6404+0.3276) 

Gh>/(A/M) =0.2093 {Lpj(\/NA)} 2 -0A342Lpf{\/NA)+Q.332+{- 
4.48G4+0.2112) 

where Gw is the width of the groove, Lp is the length of the 
land prepit in a radial direction of the substrate, Gd is the 
depth of the groove, X is the wave length of light used in a 
system for recording information on the recording medium, 
and NA is the numerical aperture of an objective in the 
system. 

3. A system of recording a medium having a circular 
substrate, grooves formed on the substrate, a land formed 
between the grooves, a plurality of land prepits formed 
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between the grooves, wherein a wavelength of light for 
recording information on the medium and a numerical 
aperture of an objective of the system are provided so as to 
satisfy a following formula, 

5 

G»v/(VA r /l)-0.2093 {Lpf()JM)} 2 -QA342Lp/(XJNA)+0.332 

where Gw is the width of the groove, Lp is the length of the 
io land prepit in a radial direction of the substrate. 

4. A system of recording a medium having a circular 
substrate, grooves formed on the substrate, a land formed 
between the grooves, a plurality of land prepits formed 
between the grooves, wherein a wavelength of light for 
15 recording information on the medium and a numerical 
aperture of an objective of the system are provided so as to 
satisfy following formulae, 



20 GwfQJNA)* 0.2093 {Lp/QJNA)} 2 -QA342Lp/(WA)-rt.332-(- 

2.64Grf+0.1276) 

Gw/(kfNA) S0.2093 {Lp/(HNA)} 2 -0A342Lp/(WA)4O.332+(- 
4.48Grf+0.2112) 

25 where Gw is the width of the groove, Lp is the length of the 
land prepit in a radial direction of the substrate, Gd is the 
depth of the groove. 

***** 



